Mesangial cell hypertrophy induced by NH 4 Cl: Role of depressed activities of cathepsins due to elevated lysosomal pH. Enhanced ammoniagenesis is currently thought to play an important role in renal hypertrophy and subsequent tubulointerstitial fibrosis. Under certain conditions glomeruli also may be affected by ammonia toxicity. Exposure of glomeruli to augmented ammonia levels may occur: (i) in advanced liver diseases due to elevated blood ammonia concentrations; (ii) in conditions of enhanced tubular ammoniagenesis following cortical "trapping;" and (iii) due to increased ammonia formation in the glomeruli in the presence of impaired renal function. To elucidate the potential role of ammonia in glomerular injury, we investigated the effect of NH 4 Cl on protein turnover as well as on activities of various cathepsins in cultured rat mesangial cells. The results show that NH 4 Cl (20 mM) induced cell hypertrophy as defined by an increase in both cell protein content and cell volume (ϩ38% and ϩ10.1%, respectively, after 48 hr). This hypertrophy was associated with suppression of the activities of cathepsins B and LϩB (Ϫ56.8% and Ϫ51.3% after 48 hr) and reduction of protein degradation rate (Ϫ61% after 48 hr), but without enhanced protein synthesis. Inhibiton of Na ϩ /H ϩ antiport by amiloride (1 mM) neither prevented the reduction of cathepsin activities nor the hypertrophy of the mesangial cells. Upon NH 4 Cl application lysosomal pH was elevated. This alkalinization may be causatively involved in the impairment of cathepsin B and LϩB due to shifting the lysosomal pH above the optimum of their activities. In conclusion, NH 4 Cl induces hypertrophy but not hyperplasia in mesangial cells. This hypertrophy is caused by the reduction of protein degradation, mainly due to depressed activities of cathepsin B and LϩB in the absence of enhanced protein synthesis. A shift of lysosomal pH above the optimum of the acidic cathepsins seems to be a key factor in their impaired activities in mesangial cells.
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Renal hypertrophy is a potential forerunner of renal injury and has been observed in diabetes mellitus, metabolic acidosis, reduction of renal mass, chronic alcoholism, chronic hypokalemia, chronic protein loading and dietary deficiency of antioxidants [1, 2] . Most of these models have in common an enhanced renal ammoniagenesis [3] [4] [5] that may be involved in the pathogenesis of renal hypertrophy and the progressive course of tubulointerstitial fibrosis [2, 6 -8] . The harmful effects of ammonia could result from both its interaction with the third (C 3 ) component of the complement system, with consequent activation of the alternative complement cascade, [6] and its growth promoting action. According to in vitro studies ammonia modulates cell growth and increases the cellular protein content of proximal tubule cells, JTC cells, LLC-PK 1 cells, opossum kidney (OK) cells, fibroblasts and hepatocytes [9 -14] . The key mechanism of cellular protein accumulation seems to be an impaired protein degradation [10 -12] . Contrary to these observations enhanced protein synthesis as an additional factor has been postulated in JTC cells [9] . However, these data seem to be doubtful due to methological reasons (measurement of protein synthesis by use of [ 3 H] leucine, which may be degraded in tubule cells [10] ). On the other hand, incubation of astrocytes as well as sea urchin eggs with ammonium chloride was shown to induce an augmented protein synthesis [15, 16] . At least under in vivo conditions chronic administration of NH 4 Cl increases protein synthesis and depresses protein degradation in proximal tubule cells of rats [17] . Concomitantly, the activities of lysosomal cathepsins are depressed in this nephron segment [18] .
To date there are no data available about the potential effect of ammonia on glomerular cells. This is surprising since under certain conditions ammonia may also be involved in glomerular injury. Thus, in the model of hypokalemic nephropathy, lowering of elevated cortical ammonia levels by chronic sodium bicarbonate supplementation improved not only the interstitial fibrosis but also the decreased GFR (insignificant rise) and proteinuria (total and low molecular weight proteinuria) [8] . A similar improvement of kidney injury with a decline of total and low molecular weight proteinuria was observed in subtotally nephrectomized rats after lowering the enhanced cortical ammonia levels by chronic sodium bicarbonate administration [6] . Effects of ammonia at the glomerular level in conditions of enhanced ammoniagenesis may be explained by cortical "trapping," that is, diffusion of ammonia from renal venules into the interlobular arteries and arteriols [19] . Furthermore, enhanced systemic blood ammonia levels, observed in severe chronic liver disease of any type, may directly interact with glomerular cells and may contribute to the diffuse glomerulosclerosis, often referred to as cirrhotic glomerulosclerosis. Its basic histologic pattern is glomerular hypertrophy with an increased mesangial matrix, thickening of basement membrane, variable degrees of sclerotic changes and a modest increase in cell size [20, 21] . Finally, glomeruli were shown to be a source of enhanced ammonia formation under certain conditions. For example, ammonia production in glomeruli from senescent rats was significantly higher than in glomeruli from young rats and correlated with the rise of serum creatinine and blood urea nitrogen levels, indicating that impaired renal function is associated with an augmented ammoniagenesis in the glomeruli [22] .
Mesangial cells play an important role in the protein turnover of GBM components, the mesangial matrix as well as ultrafiltrated plasma residues. In the intra-/extracellular protein degradation, three distinct groups of proteolytic enzymes are involved: cysteine proteinases, matrix metalloproteinases (MMBs) and serine proteinases [23] [24] [25] . Lysosomal cathepsins are involved in the degradation of intracellular proteins and also extracellular matrix components, and may play an important role in this process [26, 27] . In the past several years impaired activities of lysosomal cysteine proteinases, various metalloproteinases and serine proteinases have been observed in isolated glomeruli of numerous renal diseases with renal hypertrophy and glomerulosclerosis [28 -30] .
With regard to the potential harmful action of ammonia on the glomeruli, we investigated in cultured rat mesangial cells the effect of NH 4 Cl on protein turnover (protein content, protein synthesis and protein degradation) as well as on activities of lysosomal cysteine proteinases (cathepsins B, H and LϩB). Since lysosomal proteinases have acidic pH optima [27, 31] , the lysosomal pH levels were determined to verify whether alterations of their activities were brought about by changes of the pH.
METHODS

Cell preparation and culture
Rat mesangial cells from male Wistar rats weighing 120 to 140 g were isolated by successive mechanical sieving and collagenase treatment under sterile conditions [32] . Less than 1% of the glomeruli showed remaining portions of afferent or efferent arterioles at the hilus. Tubular contamination was consistently less than 1%. By immunofluorescence microscopy, the great majority (95%) of out-growing cells stained positively for myosin, whereas they did not stain for Factor VIII. The cells were grown in RPMI 1640 medium supplemented with 20% heat-inactivated fetal calf serum (FCS; GIBCO) at 37°C in a humidified 5% CO 2 /95% O 2 atmosphere. Cytotoxicity and cell viability were monitored by phase contrast microscopy, trypan blue exclusion and lactate dehydrogenase release. The fourth to tenth passages were used for the experiments, in which mesangial cells were subcultured and plated into 24 cm 2 culture flasks or six-well plates (Nunclon).
Cell protein, DNA content, cell number and cell size Cells (10 6 /well) were plated in six-well plates. At confluence for growth-arrest in 1% FCS RPMI 1640 medium was used for 24 hours. NH 4 Cl (20 mM) was applied to the cells in fresh serum-free medium with or without amiloride (1 mM, Sigma) for an additional incubation time, as indicated in the Results section. When the duration of the experiments lasted longer than 24 hours, fresh serum-free medium with 20 mM NH 4 Cl was applied daily. At the end of the incubation period, the cells were harvested with 0.25% trypsin/0.02% EDTA to obtain a single cell suspension. Cell number and cell volume were quantitatively evaluated by a CASY-1 Cell Counter and Analyser System (Scharefe System, Reutlingen, Germany) [33] . To ascertain whether an increase in cell volume is associated with hypertrophy, cell suspensions obtained by detachment from wells were lysed by sonification and protein content was determined according to Smith et al [34] using bovine serum albumin as a standard. DNA content was measured using Hoechst dye 33258 according to the method of Labarca and Peigen [35] .
Protein synthesis
Cell protein synthesis was assessed by determining incorporation of L-[
14 C]phenylalanine (Phe; Amersham) into acid-insoluble proteins [10] . Quiescent confluent cells were incubated with serum-free medium supplemented with 0.6 mM unlabeled Phe, NH 4 Cl (20 mM) or vehicle for 4, 12, 24 and 48 hours including 5 Ci/well of L-[
14 C]Phe for the last four hours. The excess of unlabeled Phe (0.6 mM) was used to ensure equilibration of intracellular and extracellular specific radioactivity. At the end of a four hours labeling period, the cells were rapidly rinsed three times with ice-cold phosphate buffered saline (PBS). Cells were solubilized in 2% sodium dodecyl sulfate (SDS) and precipitated with 2 ml of 20% ice-cold trichloroacetic acid (TCA). The precipitates were collected on GF Glassfiber filters (Schleicher & Schuell, Dassel, Germany), which were washed sequentially with 10% and 5% TCA and finally with absolute ethanol. Radioactivity was determined in a Tri-Carb 4000 liquid scintillation counter (Packard Instruments, Downers Grove, CA, USA). Cell protein synthesis rate was presented as dpm per well.
Protein degradation
Quiescent confluent cells were labeled by pre-incubation in the serum-free medium containing 0.5 Ci/well of L-[
14 C]Phe for 48 hours [17] . To minimize reincorporation of L-[
14 C]Phe, the experimental media contained an excess (2 mM) of unlabeled Phe. After a two-hour chase, the cells were washed with PBS to remove L-[
14 C]Phe released from degradation of short-lived proteins and fresh experimental medium containing NH 4 Cl (20 mM) or vehicle was added. At the end of an experiment, a 0.3 ml aliquot of the medium was taken and precipitated by addition of ice-cold TCA (10% final concentration). The samples were centrifuged for five minutes and the TCA-soluble supernatant was frozen at Ϫ20°C overnight for radioactivity measurements. The radioactivity in the cells was measured as described in the paragraph above. The percent degradation was calculated at 100-times the radioactivity released in the medium divided by the total radioactivity (released plus that remaining in the cells).
Cathepsin assay
Confluent monolayers were growth-arrested in serum-free medium for 24 hours. NH 4 Cl (20 mM) with or without amiloride (1 mM) was then added to the cells in fresh serum-free medium for the time periods indicated in the Results section. After the incubation period, the cell monolayers were scraped into 1.5 ml ice-cold phosphate buffer (pH 5.8) with a rubber policeman. The cell membranes were permeabilized by sonication (4 ϫ 2 second bursts). The activities of cathepsins B, H and the combined activities of cathepsins B and L (cathepsin LϩB) were assayed as described by Barrett and Kirschke [36] , using fluorogenic peptidyl substrates (Bachem, Heidelberg, Germany): Z-Arg-Arg-AMC (AMC; 7-amino-4-methylcoumarin) for cathepsin B, H-Arg-AMC for cathepsin H, and Z-phe-Arg-AMC for cathepsin LϩB. The enzyme activities were determined from the fluorescence generated by the release of the highly fluorescent product AMC. Cathepsin H activity was determined in the presence of 0.1 mM puromycin to inhibit the unspecific degradation of H-Arg-AMC by arylamidase. The standard curve was created with AMC under identical conditions. The fluorescence of free AMC released was determined by excitation at 360 nm and emission at 460 nm using an LS-50 Luminescence Spectrometer (Perkin Elmer, Langen, Germany). The enzyme activities are expressed in picomoles of AMC released per minute per microgram of DNA.
Measurement of lysosomal pH
The cells were grown to confluency on glass coverslips. Changes of pH in intracellular acidic compartments in single cells were evaluated using acridine orange (Sigma), which is an optical probe commonly used to monitor pH gradients across membranes [37, 38] . Prior to administration of NH 4 Cl (1 mM), the cells were incubated for 15 minutes with 10 mM acridine orange and perfused with solution composed of (in mM) 115 NaCl, 21 NaHCO 3 , 5 KCl, 1.3 CaCl 2 , 1 MgCl 2 , 2 NaH 2 PO 4 , equilibrated to pH 7.4 by gassing with 5% CO 2 and 95% O 2 and maintained at 37°C. Measurements were made by video image fluorescence microspectrophotometry using an inverse microscope (Axiovert 100; Zeiss, Oberkochen, Germany). Light of 485 nm excitation wavelength from a monochromator light source (Uhl, Munich, Germany) was directed through grey filters (nominal transmission 1%; Oriel, Darmstadt, Germany) and deflected by a dichronic mirror (FT 521 nm cut-off; Omega Optical, Brattleboro, VT, USA) into the microscope objective (Plan-Neofluar 40x; Zeiss, Germany). The emitted fluorescence was directed through 535 nm cut off filter to a camera (Theta System, Gröbenzell, Germany). Fluorescence in the absence of acridine orange was less than 1% of values in the presence of the dye. Data acquisition was executed using a computer program (IMG-8; Lindemann & Meiser, Homburg, Germany).
Incubation experiments of cell lysates
Cell lysates were preincubated directly with or without NH 4 Cl (20 mM), as well as with the pH 5.8 or 6.8 phosphate buffer for 180 minutes, respectively. Then the activities of cathepsins B, H and LϩB were assayed as described above.
Statistics
Results are presented as mean Ϯ SE. Statistical analysis between two groups was performed using unpaired Student's t-test, as appropriate. Differences among several groups were tested with the use of analysis of variance (ANOVA). All statistics were carried out by using the InStat software (GraphPad Inc., San Diego, CA, USA). A value of P Ͻ 0.05 was considered significant. 4 Cl on cell protein content and cell size NH 4 Cl induced an increase of cell protein content as well as an enlargement of cell volume in a time-dependent manner (Fig. 1) . The hypertrophic change was significant after an exposure for 24 and 48 hours: protein content increased by 26.5% and 38.0%, and cell volume by 9.4% and 17.1%, respectively. Co-exposure of the cells with the Na ϩ /H ϩ antiport antagonist amiloride (1 mM) was conducted for 48 hours to clarify whether stimulation of the Data are given as mean Ϯ SE of nine determinations from three independent experiments. NH 4 Cl and amiloride were used at concentrations of 20 mM and 1 mM, respectively. a P Ͻ 0.05 vs. controls plasma membrane Na ϩ /H ϩ antiport was required for NH 4 Clinduced cell hypertrophy. As shown in Table 1 , amiloride did not modulate the increase in protein content nor of cell volume.
RESULTS
Effects of NH
Effects of NH 4 Cl on cell number and DNA content
To distinguish cell hypertrophy from hyperplasia, cell number and DNA content were studied as indicators of cell proliferation after 24 hours of incubation. Results obtained showed a slightly reduced cell number and DNA content in the cell monolayers exposed to 20 mM NH 4 Cl (cell number: control 1.03 Ϯ 0.06, NH 4 
Effects of NH 4 Cl on cell protein turnover
To elucidate the mechanism of NH 4 Cl-induced hypertrophy of the mesangial cells protein synthesis and protein breakdown were investigated in quiescent confluent cells. Protein synthesis was assessed by the time-dependent increase of the incorporation of radiolabeled phenylalanine. However, there was no difference in presence of NH 4 Cl for up to 48 hours ( Fig. 2A) . In contrast, a decrease in protein degradation was observed in the cells after six hours by 37.9% and continuing in a time dependent manner up to 48 hours (by 61.1%; Fig. 2B ).
Effects of NH 4 Cl on lysosomal cathepsin activities
The potential contribution of decreased cathepsin activities to the decline of protein breakdown induced by NH 4 Cl was studied. As depicted in Figure 3A , cell cathepsin H activity was not significantly influenced by exposure to NH 4 Cl (20 mM) for 48 hours. Conversely, cathepsin B and LϩB activities were markedly decreased by 29.9% and 30.7% after six hours, by 42.0% and 47.8% after 24 hours, and by 56.8% and 51.3% after 48 hours, respectively. As shown in Figure 3B , NH 4 Cl also caused a dose-dependent inhibition of cathepsin B and LϩB activities, which was not blunted by coincubation with the Na ϩ /H ϩ antiport antagonist amiloride (1 mM; Fig. 4 ). Amiloride alone did not modify cathepsin activities.
Effect of NH 4 Cl on non-lysosomal proteinases
To rule out the possible participation of some non-lysosomal proteinases, neutral proteolytic activity was measured using collagen as the substrate. Within 48 hours cellular neutral proteolytic activity was not affected by NH 4 Cl (control 32.4 Ϯ 2.1 NH 4 Cl: 33.5 Ϯ 2.5 pmol/min/g DNA, P Ͼ 0.05).
NH 4 Cl did not change the osmolarity in the incubation medium (control, 265 to 287 mOsm/liter; NH 4 Cl-treated cells 271 to 288 mOsm/liter). Also, NH 4 Cl did not modify the activities of cathepsins directly when incubated with the cell lysates for up to 180 minutes ( Table 2) .
Effect of NH 4 Cl on lysosomal pH
Since lysosomal cysteine proteinases function optimally at an acidic pH that could be influenced by NH 4 Cl, we determined the lysosomal pH by monitoring the fluorescence intensity of acridine orange previously loaded into the cells.
The cells responded to NH 4 Cl with an immediate rise in the intralysosomal pH that persisted until NH 4 Cl was replaced with bath solution (Fig. 5) . In the cells incubated with a bicarbonatebuffered bath solution, we observed identical changes of vesicular pH as in the bicarbonate-free medium (data not shown).
To provide further evidence for the pH dependence of acidic cathepsin activities, the cell lysates were preincubated with phosphate buffer with a pH of 6.8 or pH 5.8 for 180 minutes, respectively, followed by measurement of the enzyme activities. As summarized in Table 2 , cathepsin H activity was not decreased, but even increased after preincubation in the pH 6.8 phosphate buffer. In contrast, cathepsin B and LϩB activities were suppressed in this pH buffer compared with the pH 5.8 phosphate buffer.
DISCUSSION
In the present study NH 4 Cl induced hypertrophy in rat mesangial cells, which was characterized by an increase in both cell protein content and cell size. The data are consistent with other studies in proximal tubule cells, LLC-PK 1 cells, oppossum kidney cells and fibroblasts [9 -13] . This hypertrophy was not accompanied by cell hyperplasia, since the cell number and cell DNA content was not influenced in a significant manner. Measurement of total protein turnover in the mesangial cells by incorporation and release of L-[
14 C] Phe showed no rise in protein synthesis, but a marked decline in protein breakdown after application of NH 4 Cl. Impaired protein breakdown with unchanged protein synthesis was also observed in renal tubule cells after incubation with NH 4 Cl [10 -12] .
In the degradation of intra-and extracellular proteins various proteolytic enzymes such as cysteine, serine and metalloproteinases are involved [23] [24] [25] . In particular, the lysosomal cysteine proteinase cathepsins B, L and H play a major role. As indicated by Bohley and Seglen [27], more than 90% of the long-lived proteins and a large fraction of the short-lived proteins are degraded in the lysosomes. In the present study in mesangial cells the activities of cathepsin B and LϩB were declined in the presence of NH 4 Cl in a time-and dose-dependent manner. Determination of neutral proteolytic activity by using collagen as substrate was not influenced by NH 4 Cl. However, the potential role of other non-lysosomal pathways of protein degradation cannot be excluded.
Our data in cultured mesangial cells correspond well with previous in vivo studies showing that decreased cathepsin activities in glomeruli and tubules are associated with the induction of renal hypertrophy in various rat models of renal disease [28, 39 -42] .
In vivo exposure of the glomeruli to enhanced ammonia levels may occur (i) in advanced liver diseases due to elevated blood ammonia concentrations, (ii) due to increased ammonia formation in the glomeruli under certain conditions such as old age, in particular with impaired renal function [22] , and (iii) following cortical "trapping" (diffusion of ammonia from renal venules into the interlobular arteries and arteriols) in conditions of enhanced tubular ammoniagenesis [19] . Enhanced renal ammonia production in impaired renal function [4] may be a consequence of enhanced oxygen consumption [43] , which was shown to be increased in the surviving nephrons after reduction of renal mass [44] . Renal ammoniagenesis is also stimulated by various growth promoters such as angiotensin II, insulin and PTH [45] , as well as a high protein diet [44] . According to own studies (Ling et al, unpublished data), incubation of rat mesangial cells with angiotensin II results in cellular hypertrophy associated with a decline of the activities of cathepsins B and LϩB. If angiotensin II enhances the ammonia production in mesangial cells in a similar manner than in tubule cells the decreased cathepsin activities could easily be explained. Moreover, the cellular actions of angiotensin II were shown to be modulated by enhanced ammonia levels. Thus, in smooth muscle cells the angiotensin II-induced stimulation of the phosphoinositol pathway with a consequent rise of diacylglycerol was markedly enhanced after coincubation with NH 4 Cl [46, 47] .
Increased ammoniagenesis is thought to play an important role not only in renal hypertrophy, but also in the progressive course of tubulointerstitial fibrosis [6] . Moreover, there are few data suggesting that enhanced ammonia levels may also induce glomerular injury. Thus, in the models of hypokalemic nephropathy as well as subtotal nephrectomy, lowering of renal ammonia levels following sodium bicarbonate supplementation improved both the interstitial fibrosis and proteinuria (total and low molecular weight proteinuria) [6, 8] ; furthermore, GFR in the rats with hypokalemic nephropathy tended to be at higher levels [8] . It is conceivable that the missing morphological effects of ammonia in the glomeruli in metabolic acidosis may be due to the short duration of the experiment.
According to our study in mesangial cells the inhibitory role of ammonia on lysosomal cathepsins B and LϩB and the consequent impairment of protein degradation favor the accumulation of proteins in the mesangium, which may be a risk factor for glomerular injury. In particular, in patients with advanced liver disease enhanced blood ammonia levels could be involved in the development and progression of glomerulosclerosis and tubulointerstitial fibrosis.
Concerning the signal transduction pathway of the NH 4 Clinduced actions in mesangial cells, neither suppression of the activities of cathepsins B and LϩB nor induction of cell hypertrophy was mediated through the activation of the Na ϩ /H ϩ antiport, as shown by the lack of any action of the coadministered amiloride. Thus, enhanced Na ϩ /H ϩ antiport activity is not required for the decreased protein breakdown and cell hypertrophy. These data are in line with studies in other renal cells [9, 11, 44] . In distinction from these in vitro studies, an activation of renal antiporters seems to be a common event in vivo in most mitotic and hypertrophic responses of the kidney [1] .
Depressed activities of acidic cysteine proteinases may result from altered synthesis, increased concentration of specific inhibitors and/or changes in lysosomal pH. In our study lysosomal pH was elevated during the entire incubation period with NH 4 Cl. It has to be stressed, however, that a positive acridine orange signal is not specific for lysosomes, since acidification occurs in numerous intracellular compartments and plays an essential role in absorptive and receptor-mediated endocytosis as well as in exocytosis [48] .
In a similar manner preincubation of cell lysates with different pH buffers suppressed the activities of cathepsins B and LϩB in the pH 6.8 phosphate buffer as compared with the pH 5.8 phosphate buffer. Thus, these results indicate that the inhibition of these proteinases was due to alkalinization in the lysosomes. These data correspond well with the fact that the activities of cathepsins B and LϩB are optimal at an acidic pH [27, 31] . Like other weak bases NH 4 Cl enters the lysosomes via diffusion, followed by protonation and subsequent trapping [49] . This situation is followed by an increase in lysosomal pH above the optimum of acidic proteinases.
In contrast to cathepsins B and LϩB the activity of cathepsin H did not decline after exposure of the mesangial cells to NH 4 Cl. Furthermore, preincubation of cell lysates in different pH buffers revealed even a rise of cathepsin H activity at a relative high pH. This finding is in line with earlier studies indicating that the optimal pH of cathepsin H is higher than that of cathepsins B and LϩB in the lysosomes [27, 31] .
Concerning the mechanism involved in the elevation of lysosomal pH after exposure of NH 4 Cl, there is some evidence for requirement of energy for the acidic pH maintenance due to proton secretion. Thus, coadministration of ATP may prevent the inhibition of lysosomal proteolysis by NH 4 Cl [49] . According to studies in macrophages and liver cells the time course of lysosomal accumulation of ammonia is biphasic: an initial rapid energy independent phase is followed by a slow ATP-dependent phase, which can be modulated by metabolic inhibitors [49] . Correspondingly, an ATP-dependent proton pump has been identified in lysosomes [50] .
Taken together, the present study demonstrates that NH 4 Cl induces hypertrophy but not hyperplasia in cultured rat mesangial cells. Cell hypertrophy is caused by the reduction of protein degradation, mainly due to depressed activities of cathepsins B and LϩB, without enhanced protein synthesis. Intralysosomal alkalinization seems to be implicated in the depressed cathepsins B and LϩB activities and the consequent impairment of protein breakdown. The preincubation of cell lysates in phosphate buffer with pH 5.8 and 6.8 as well as with NH 4 Cl (20 mM) was performed at 37°C for 180 min, and then cathepsin B, H and LϩB activities were determined. Values were expressed as mean Ϯ SE of nine measurements from three independent experiments. a P Ͻ 0.01 vs. control
